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6SHFWUXPXWLOL]DWLRQIRUPXODWLRQ
$FRPPRQIUDPHVWUXFWXUHXVHGLQFRJQLWLYHUDGLRQHWZRUNVLVGHPRQVWUDWHGLQ)LJZKHUHWLPHĲLVXVHGIRU
VHQVLQJDQGOHIWRYHUWLPHܶ െ ߬LVXVHGIRUGDWDWUDQVPLVVLRQLIDEDQGLVGHWHFWHGDVLGOH

)LJ)UDPH6WUXFWXUH

)RURXUDQDO\VLVZHDVVXPHWKDWLQWHUIHUHQFHRUFROOLVLRQVEHWZHHQ38DQG68WUDQVPLVVLRQOHDGWRGDWDORVVDQG
HYHQWXDOO\ WR VSHFWUXP XQGHUXWLOL]DWLRQ :H IXUWKHU DVVXPH WKDW WKH WUDIILF ORDGV RI WKH 38V DUH H[SRQHQWLDOO\
GLVWULEXWHGZLWKPHDQRFFXSDWLRQDQGLGOHWLPHSHUIUDPHDVߙDQGߚUHVSHFWLYHO\7KHQ38VVSHFWUXPRFFXSDQF\
ZLOOEHJLYHQDV
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,QSHUIHFWVHQVLQJSUREDELOLW\RIZURQJGHFLVLRQVLV]HURLHPmd	 Pfa ERWKDUHHTXDOWR]HUR,QWKLVFDVH68ZLOO
WUDQVPLWRQO\LI WKHFKDQQHO LVGHWHFWHGDV LGOHDQGZLOONHHSVLOHQW LI WKHFKDQQHO LVIRXQGRFFXSLHG%XW38PD\
DSSHDU LQ EHWZHHQ WZR VHQVLQJ HSRFKV DQG VXIIHU LQWHUIHUHQFH RQ DFFRXQW RI 68V WUDQVPLVVLRQ ZKHQ FKDQQHO LV
GHWHFWHGDVLGOHDWLQLWLDOVHQVLQJHSRFK7KHSUREDELOLW\WKDWWKHUHLVLQWHUIHUHQFHEHWZHHQ38DQG68LQVXFKDFDVH
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,QLPSHUIHFWVHQVLQJWKHUHDUHWZRW\SHVRIVHQVLQJHUURUVLPLVVGHWHFWLRQLLIDOVHDODUP)DOVHDODUPPDNHVWKH
68WRNHHSVLOHQWHYHQZKHQWKHFKDQQHOLVDFWXDOO\YDFDQWWKXVGHFUHDVLQJWKHFKDQFHVRIVSHFWUXPXWLOL]DWLRQ2Q
WKHRWKHUKDQGPLVVGHWHFWLRQ OHDGV WRFROOLVLRQVEHWZHHQ38DQG68WUDQVPLVVLRQZKLFKUHVXOWV LQGDWD ORVVDQG
XOWLPDWHO\GHFUHDVHVWKHVSHFWUXPXWLOL]DWLRQ)XUWKHULQDPLVVGHWHFWLRQFDVH38PD\EHFRPHLQDFWLYHEHIRUHWKH
QH[WVHQVLQJHSRFKDQGWKHUHLVSRVVLELOLW\WKDWWKHUHLVQRGDWDORVVHYHQLQPLVVGHWHFWLRQ3UREDELOLW\RILQWHUIHUHQFH
LQPLVVGHWHFWLRQLVJLYHQDV>@
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,QYLHZRIWKHDERYHDQDO\VLVDYHUDJHWLPHIRUZKLFKWKHEDQGLVXWLOL]HGHLWKHUE\D38RU68IRUVXFFHVVIXOGDWD
WUDQVPLVVLRQLQDVLQJOHIUDPHPD\EHIRUPXODWHGDV
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
)LUVW	VHFRQGWHUPRIUHSUHVHQWVWKHGDWDWUDQVPLVVLRQRI68ZKLOHWKLUG	IRXUWKUHSUHVHQWVGDWDWUDQVPLVVLRQ
RI381RUPDOL]HGVSHFWUXPXWLOL]DWLRQZLOOEHJLYHQDV
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3URSRVHGWKUHVKROGRSWLPL]DWLRQ
7KHWUDGHRIIEHWZHHQPdDQGPfa LVIRUPXODWHGWRDQHTXLYDOHQWIRUPRIPD[LPL]LQJWKHQRUPDOL]HGVSHFWUXP
XWLOL]DWLRQLQWKHFDSDFLW\RIWKH38VVSHFWUXPRFFXSDQF\ߠDQGGHFLVLRQWKUHVKROGߣDV

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2XUDLPLVWRGHULYHDQH[SUHVVLRQIRUDGDSWLYHWKUHVKROGWRPD[LPL]HWKHVSHFWUXPXWLOL]DWLRQ)LJVKRZVWKHSORW
RIQRUPDOL]HGVSHFWUXPXWLOL]DWLRQH[SUHVVHGLQDVDIXQFWLRQRIWKHGHFLVLRQWKUHVKROGIRUDVSHFLILHGߠ,WLVFOHDU
IURPWKHILJXUHWKDWIRUIL[HGߠWKHUHH[LVWVDWKUHVKROGYDOXHIRUZKLFKQRUPDOL]HGVSHFWUXPXWLOL]DWLRQLVPD[LPL]HG
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$VDVROXWLRQRIWKHTXDGUDWLFHTXDWLRQZHJHW
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6LPXODWLRQUHVXOWVDQGDQDO\VLV
6\VWHPSDUDPHWHUVIRUWKHQXPHULFDODQDO\VLVDUHPHQWLRQHGEHORZ
x6HQVLQJWLPH߬ ൌ ʹ݉ݏ
x6DPSOLQJIUHTXHQF\ ௦݂ ൌ ͳʹ0+]WZLFHWKH79FKDQQHOEDQGZLGWKLH0+]
x)UDPHGXUDWLRQܶ ൌ ͳͲͲ݉ݏ
x38VSHFWUXPRFFXSDQF\ߠLVYDULHGIURPWR
x%XV\WLPHRI38ߙ ൌ ߠ כ ܶ
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)LJ  VKRZV WKHFXUYHEHWZHHQSURSRVHGDGDSWLYH WKUHVKROGDQG6157KUHVKROG LVSORWWHG IRUGLIIHUHQW38V
RFFXSDQF\ߠ ൌ ͲǤͳǡ ͲǤͷƬͲǤͻ ,W FDQ EH VHHQ WKDW WKUHVKROG GHFUHDVHVZLWK WKH LQFUHDVH LQߠ ,Q )LJ  VSHFWUXP
XWLOL]DWLRQLVSORWWHGDVDIXQFWLRQRIߠIRUGLIIHUHQW615YDOXHVRIG%G%DQGG%7KLVFXUYHVKRZVEHWWHU
VSHFWUXPXWLOL]DWLRQIRUFKDQQHOVZLWKKLJK615)LJVKRZVWKHVSHFWUXPXWLOL]DWLRQDVDIXQFWLRQRI615IRUIL[HG
WKUHVKROGDGDSWLYHWKUHVKROGGHULYHGLQ>@DQGSURSRVHGDGDSWLYHWKUHVKROGIRUߠ ,WFDQEHVHHQWKDWSURSRVHG
DGDSWLYHWKUHVKROGKDVPD[LPXPVSHFWUXPXWLOL]DWLRQZKHQFRPSDUHGWRRWKHUPHWKRGV)LJVKRZVWKHVDPHFXUYH
EXWIRUGLIIHUHQW38VRFFXSDQF\ߠ 	,WLVIRXQGWKDWIRUߠ WKHUHLVDQLPSURYHPHQWRIDOPRVW
LQWKHVSHFWUXPXWLOL]DWLRQLQWKHFRPSOHWHORZ615UHJLRQZKLFKLVRIJUHDWVLJQLILFDQFH


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)LJ1RUPDOL]HG6SHFWUXP8WLOL]DWLRQDVDIXQFWLRQRI615IRUGLIIHUHQWߠ
&RQFOXVLRQ
,QWKLVSDSHUDWKUHVKROGRSWLPL]DWLRQWHFKQLTXHLVSURSRVHGWRPD[LPL]HWKHQRUPDOL]HGVSHFWUXPXWLOL]DWLRQ
IRUVSHFLILHG38VSHFWUXPRFFXSDQF\7KHFORVHGIRUPH[SUHVVLRQIRUDGDSWLYHWKUHVKROGLVGHULYHGZKLOHNHHSLQJLQ
YLHZWKHVXGGHQDSSHDUDQFHGLVDSSHDUDQFHRI38LQEHWZHHQWZRVHQVLQJHSRFKV1XPHULFDODQDO\VLVVKRZVWKHEHWWHU
VSHFWUXPXWLOL]DWLRQIRUWKHSURSRVHGVFKHPHDVFRPSDUHGWRWKHRWKHUVFKHPHVDYDLODEOHLQWKHOLWHUDWXUH7KHLPSDFW
RI38VRFFXSDQF\RQ VSHFWUXPXWLOL]DWLRQ LV DOVR VKRZQZKLFKFRQYH\V WKHKLVWRULFDO38VRFFXSDQF\QHHG WREH
FRQVLGHUHGZKHQRXWOLQLQJ&5IUDPHZRUNV
5HIHUHQFHV
 )HGHUDO&RPPXQLFDWLRQV&RPPLVVLRQ6SHFWUXP3ROLF\7DVN)RUFH5HSRUWRIWKH6SHFWUXP(IILFLHQF\:RUNLQJ*URXS1RY
 )HGHUDO&RPPXQLFDWLRQV&RPPLVVLRQ1RWLFHRISURSRVHGUXOHPDNLQJDQGRUGHU)DFLOLWDWLQJRSSRUWXQLWLHVIRUIOH[LEOHHIILFLHQWDQG
UHOLDEOHVSHFWUXPXVHHPSOR\LQJFRJQLWLYHUDGLRWHFKQRORJLHV)&&'HF
 0LWROD-0DJXLUH*4&RJQLWLYH5DGLR0DNLQJVRIWZDUHUDGLRVPRUHSHUVRQDO,(((3HUVRQDO&RPPXQLFDWLRQ
 0LWROD-&RJQLWLYHUDGLR$QLQWHJUDWHGDUFKLWHFWXUHIRUVRIWZDUHGHILQHGUDGLR3K''LVV5R\DO,QVWLWXWHRI7HFKQRORJ\6WRFNKROP
6ZHGHQ
 6KDUPD6%RJDOH7&KDW]LQRWDV62WWHUVWHQ%/H/:DQJ;&RJQLWLYH5DGLR7HFKQLTXHVXQGHU3UDFWLFDO,PSHUIHFWLRQV$6XUYH\
,(((&RPPXQLFDWLRQV6XUYH\V	7XWRULDOV
 /HWDLHI.%=KDQJ:&RRSHUDWLYH&RPPXQLFDWLRQVIRU&RJQLWLYH5DGLR1HWZRUNV3URFHHGLQJVRI,(((
 =KDQJ .% %DR = $Q $GDSWLYH 6SHFWUXP 6HQVLQJ $OJRULWKP XQGHU 1RLVH 8QFHUWDLQW\ ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ
&RPPXQLFDWLRQV
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